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[57] ABSTRACT

A catalytic unit for treating gases, particularly exhaust
gases of Internal combustion engines, containing a
monolithic carrier coated with an active catalytic agent,
is mounted within a housing by a flexible or elastic,
heat-resistant jacket and axially extending slide mem-
bers interposed between the coated carrier and the
housing. The heat-resistant jacket is advantageously
prestressed when placed within the housing.

8 Claims, 6 Drawing Figures
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CATALYTIC DEVICE FOR THE CATALYTIC
PURIFICATION OF EXHAUST GASES

BACKGROUND OF THE INVENTION

This invention relates in general to catalytic appara-
tus for treating gases and, in particular, to improved
structures for mountmg actively coated IIlOIlOlltth
carrier material in a housing.

As is well known, purification of exhaust gases from
internal combustion engines, particularly in motor vehi-
cles, is today generally achieved by afterburning. This
afterburning may be hastened by feeding the exhaust
gases in such a system through catalysts consisting of a
carrier which is coated with a catalytic substance that
effects a chemical conversion of the noxious gas constit-
uents. In such a system, the carrier may either be a loose
material or a monolith with channels passing through it.
In the automotive field, catalysts with monolithic carri-
ers have proved particularly advantageous in this con-
nection. These carriers are housed in gas-tight, sheet-
metal or cast-metal, heat-resistant housings whereby
they can be connected to the exhaust system of the
internal combustion engine. However, when the mono-
lithic carrier is mounted in the casing, several problems
arise as a result of the fraility of the carrier material.

Carriers that currently are employed, consist of a
porous ceramic material having limited mechanical
strength. Thus, it is not possible to exert clamping
forces on them with sufficient strength to assure a se-
cure, solid mounting of the carriers. On the other hand,
the catalyst must be arranged in the immediate vicinity
of the internal combustion engine so that its start-up
time, following the starting of the engine, will be short.
Accordingly, the vibrations emanating from the inter-
nal combustion engine are transmitted to the catalyst
housing and these vibrations can damage the carrier
structure. In order to prevent such damage to the car-
rier, the carrier must be mounted flexibly or elastically.
A mounting of this sort also serves the need to accom-

modate the relatively large cross-sectional tolerances of

the carrier which occur during the manufacturing pro-
cess and the differences in thermal expansion that result
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from the different coefficients of thermal expansion of 45

the carrier material and the metal housing.

In one known catalytic apparatus (German Provi-
sional Pat. No. 1,476,507, U.S. Pat. No. 3,441,381 to
Keith et al.), the carrier is held in a cylindrical housing
having, in the annular space between the housing and
the carrier body, a springy corrugated jacket preferably
made of wire mesh, which tightly surrounds the carrier
body. It has been found, however, that such an interme-
diate layer consisting of a springy wire mesh does not
solve the above-described mounting problems as the
high temperature in the catalyst causes the wire mesh to
burn out. If this wire mesh were made of a material that
would not be affected by high temperatures, a catalyst
of this type, which is intended for mass use, would be

far too expensive.
These and other shortcommgs of the prior art are

overcome by the present invention.

SUMMARY OF THE INVENTION

It is accordingly an object of the present invention to
provide a simple and economical, elastic or flexible
mounting for a catalyst carrier, which will withstand
these high mechanical and thermal stresses.
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It is a further object to provide a mounting unit hav-
ing the foregoing characteristics which are particularly
adapted for use with internal combustion engines and
especially motor vehicles.

These objects, as well as other objects which will
become apparent in the discussion that follows, are
achieved according to the present invention by provid-
ing a prestressed jacket that surrounds the carrier and is
arranged in an interstice between the carrier and the
housing, said jacket being made from an elastic material
that is resistant to high temperatures.

In a further development of the invention, the jacket
is made from a fibrous ceramic material. In this case the
jacket may consist of one or more layers of a mat made
up of ceramic fibers. A particularly preferred jacket 1s
made of a fibrous material comprised of aluminum sili-
cate (Fiberfrax (R)). The advantages of this elastic or
flexible mounting include particularly good thermal
resistance and thermal insulating effect. Additionally,
this jacket provides good packing of the interstice be-
tween the carrier and the housing for the gas flowing
through the housing. Lastly, this material is economical
and, consequently, is especially well suited for large-
scale manufacture.

It is a feature of the invention that sliding segments
are provided, extending axially along the periphery of
the jacket and making it possible to insert the carrier
together with the jacket into the housing in the axial
direction. The sliding segments may be provided with
an inward-oriented collar encircling the jacket at least

at one end. By means of this collar, it is possible to apply
an axial pressure to the sliding segments, for example,
with the aid of a pressure plate, without creating a dan-

ger that the carrier itself will undergo pressure in the
axial direction and thus be damaged.

In accordance with another embodiment of the in-
vention, the outer covering of the jacket may be hard-
ened, at least in segments, in lieu of the above-described
sliding-segment arrangement. In this embodiment, the
hardened zones of the outer covering of the jacket fill
the function of said sliding segments by similarly exert-
ing on the jacket a radial stress that is distributed as
evenly as possible over the periphery thereof, so as to
effect uniform compression of the fiber mat and conse-
quently center the carrier within the housing as much as
possible. Furthermore, the sliding segments facilitate
the introduction of the jacketed carrier into the housing
and therefore prevent any slippage of the jacket as a
result of friction with the walls of the housing.

Insertion of the jacketed carrier, in accordance with
this invention, may be acccomplished by placing the
carrier, provided with the jacket, together with the
sliding segments in a conical guide sleeve which re-
duces the outer diameter of the jacket to the inner diam-
eter of the housing, and then pressing into the casing, in
the axial direction, the sliding segments. This procedure
facilitates simple, economical manufacture of the elastic
mounting of the carrier in the casing while protecting it
from damage.

In another embodiment of the present invention, the
casing can be made in the form of a cylindrical sheet-
metal shell from a prerolled rectangular piece of sheet
metal, said shell being circumferentially prestressed
around the jacketed carrier. In this embodiment, the
above-described slldlng segments are eliminated. The
‘jacketed carrier is not inserted into a finished catalyst
housing, but, instead the housmg consists of a cylindri-
cal sheet-metal shell that is fabricated from a prerolled
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rectangular piece of sheet-metal together with the flexi-
bly mounted carrier in a jig or stretching device, thus
being wrapped immediately around the jacketed sup-
port. In this way additional sliding segments and insert-
Ing devices for assembly are eliminated.

It is a feature of this embodiment of the present inven-

tion that the ends of the rectangular piece of sheet metal
must substantially overlap in a stretched state and then

be fastened to one another for the purpose of preventing
the jacket material, consisting of the fibrous ceramic
substance, from being squeezed out between the two
peripherally located ends of the rectangular piece of
sheet metal consituting the housing during the wrap-
ping operation.

In another feature of the present invention, the radial
ends of the cylindrical sheet-metal shell may be pro-
vided with conical transition pieces which have radially
inward directed collars covering the jacket. Such col-
lars shield the jacket from the hot, flowing, combustion
gases and thus prevent the fibrous ceramic material
from becoming brittle and crumbling.

In order to make sure that the monolithic carrier is
held satisfactorily and securely in the axial direction in
the housing, even after considerably long periods of
operation, it is advantageous to have the jacket bound
to the carrier or the housing or both by a cement. This
cementing of the jacket with the carrier or the housing
or both substantially improves the mounting of the
carrier in the housing, and is essentially independent of
the nature or quality of the frictional connection there-
between. Thus, this easily achieved union guarantees
that the monolithic carrier will be held securely and
firmly in the axial direction when the prestress forces
decrease following a relatively long period of operation
of the catalyst and such settling of the jacket material as
may have occurred as a result thereof.

The cementing can simply be achieved by the appli-
cation of heat-resistant cement, such as a refractory
cement, to at least one of the two mutually facing pe-
ripheral surfaces of the jacket and the housing or the
carrier and the jacket, as the case may be. Another
possibility for effecting a cement binding, at least be-
tween the jacket and the housing, consists, in accor-
dance with another feature of the present invention, in
heating the housing surrounding the jacket for a short
time to a temperature of approximately 500° C., so that
they are cemented together by sintering. Through the
heating of the finished and mounted housing to a tem-
perature of approximately 500° C, in the manner pro-
vided in accordance with the present invention, an
adequate binding is easily achieved between the housing
and the jacket as a result of a sinter-like cementing
operation of the jacket consisting of a ceramic fibrous
material made of alumina and silica.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention, reference
may be made to the following description of exemplary
embodiments thereof taken in conjunction with the
accompanying drawings, in which:

FIG. 1 is a longitudinal sectional view of a catalyst
having a monolithic carrier flexibly mounted in a hous-

ing;
| gFIG. 2 is a transverse section through the catalyst

taken along line II — II in FIG. 1;
FIG. 3 is a longitudinal sectional view which illus-

trates the insertion of the carrier into the housing;
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FIG. 4 is a longitudinal sectional view of a catalyst,
the housing of which consists of a metal plate wrapped
around the carrier;

FIG. 5 is a transverse section through the catalyst
taken along line V — V in FIG. 4; and

FIG. 6 is a longitudinal sectional view of a catalyst

similar to the one in FIG. 4 in which cement bindings
are provided on the mutually facing peripheral surfaces
of the housing, the carrier and the jacket.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

In the drawings, the same reference numerals are
used for the same functional parts.

FIG. 1 illustrates a finished catalyst which can be
connected to an exhaust pipe by means of flanges 9 and
11. In this figure, the monolithic carrier 1 with channels
running through it from end to end in the axial direc-
tion, is mounted in a flexible, elastic manner in housing
2 by means of elastic jacket 3. Elastic jacket 3 is capable
of withstanding high temperatures. As the passage of
the exhaust gas through the body of catalyst 1 is associ-
ated with a pressure drop which leads to a reduction in
the thermodynamic efficiency of the internal combus-
tion engine, the cross-sectional area of the catalyst is
made considerably greater than the cross-sectional area
of the exhaust-gas inlet and outlet pipelines (not shown).
This helps to keep said pressure drop to a minimum.
Consequently the transition from the exhaust pipe to
housing 2 is provided with conical transition pieces 8
and 10 on both the gas inlet and gas outlet sides. While
the cross-section of the body of catalyst 1 and of hous-
ing 2 normally is circular, other cross-sectional shapes
of the catalyst, such as oval or rectangular shapes, for
example, may be used. Arrow 12 indicates the direction
of flow of the exhaust gas through the catalyst.

Around the periphery of jacket 3, which in accor-
dance with the invention consists of an elastic, fibrous
ceramic material that is under previously-induced radial
stress and 1s resistant to high temperatures, there are
provided sliding segments 4 extending axially and, as
can be more clearly seen from FIG. 2 almost com-
pletely encompassing jacket 3 with the exception of
small axial slits left between the sliding segments. In the
exemplary embodiment illustrated in the drawing, four
evenly distributed sliding segments 4 are provided
around the periphery of jacket 3 and have radially in-
ward-oriented collars 5 at one end. These collars cover
a portion of the end face of jacket 3 and serve as a-
contact surface for the application of an axial pressure
when carrier 1 is pressed into housing 2.

The operation of pressing carrier 1 into the housing 2
1s illustrated in FIG. 3, wherein housing 2 is mounted on
a stationary base plate 13 by flange 9 which is fixed to
conical transition piece 8. A conical guide sleeve 6 is
placed over the feed opening of housing 2. Carrier 1 is
introduced into housing 2 in the following manner:
Carrier 1is provided with jacket 3 together with sliding
segments 4 and is placed in guide sleeve 6. The carrier
1 then is pressed into housing 2 by application of an
axial pressure corresponding to arrow 14 with the aid of
a pressure plate 7 placed on collars 5 of sliding segments
4. Thus sliding segments 4 slide first of all into contact
with the conical inner wall of guide sleeve 6. This ef-
fects a decrease in the outer diameter of jacket 3 to the
inner diameter of housing 2 and ultimately brings slid-
Ing segments 4 into contact with the inside wall of hous-
ing 2. Accordingly, a radial stress is evenly distributed
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over the periphery of elastic jacket 3, compressing the
Jacket material without damaging carrier 1. Damage to
carrier 1, which is especially sensitive to axial stress, is
avolded as a result of the limitation to radial stress

which is achieved by the above-described method. If 5

damage to carrier 1 did occur, it would cut down on the
operating efficiency of the catalyst.

As trials have shown, the elastic mounting of the
catalyst carrier is able to durably withstand the consid-
erable thermal and mechanical stresses which especially
occur in an exhaust-gas purification system for motor
vehicles. The material for the elastic jacket used in these
trials was a mat of ceramic fibers made of aluminum
silicate which were wound around carrier 1 in one or
more layers. In addition to a high degree of thermal
resistance and good elasticity, this material also showed
heat insulation that was advantageous for the operation
of the catalyst and good packing of the space between
carrier 1 and housing 2. This tight packing is necessary
to prevent a portion of the exhaust gases from being
able to circumvent the catalyst carrier, as can occur
when the known elastic wire mesh mat is used without
provision of precautionary measures. Lastly, the simple
and careful fashioning of the carrier mounting, in accor-
dance with the invention, with the use of the sliding
segments and the conical guide sleeve together with the
comparatively economical material for the jacket facili-
tate economical manufacture of a catalyst on a large
scale. |

In contrast to the embodiment illustrated in FIGS. 1
and 2, housing 2’ in the embodiment of FIGS. 4 and 5 is
comprised of a cylindrical sheet metal shell 15 which is
rolled from a rectangular piece of sheet metal. In this
embodiment, the body of carrier 1, enveloped in jacket
3, is placed in a prerolled, open rectangular piece of
sheet metal. Subsequently, the rectangular piece of
sheet metal is wound around carrier 1 and jacket 3 by
having its ends 17 pulled together in a jig or stretching
device. In this manner, the heat resistant ceramic fiber
mat of jacket 3 is compressed so that it now securely
holds carrier 1 in an elastic, flexible manner. During this
process, both ends 17 of the rectangular piece of sheet
metal are pulled together so that, as illustrated in FIG.
5, they considerably overlap, thus preventing jacket 3
from being squeezed out during the stretching and puli-
ing operation. After the two ends 17 of the rectangular

piece of sheet metal are fastened together, for example,

by welding, conical transistion pieces 8 and 10 are
placed on the ends of the resulting cylindrical sheet
metal shell 15 and secured thereon by welding. The
transition pieces 8 and 10 have radially inward-project-
ing collars 16 which cover the end surfaces of jacket 3.
These collars prevent the hot combustion gases flowing
through housing 2’ from coming into direct contact
with jacket 3 and causing a hardening and embrittle-
ment of the fibrous material, which might in turn cause
jacket 3 to crumble and leak out of housing 2.

As previously stated, jacket 3, utilized in accordance
with FIGS. 4 and 5, is able, due to the fibrous aluminum
silicate mat, to durably withstand the intense thermal
and mechanical stresses which particularly are present

in an exhaust-gas purification system for motor vehicles.
The housing 2' construction shown here also makes

~ possible simple, rapid, and economical assembly, in
which cylindrical sheet-metal shell 15 constituting
housing 2' is manufactured with carrier 1 flexibly
mounted therein in a single operation which creates no
danger of damage to the delicate carrier material. Fur-
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6
thermore, this embodiment makes possible the fairly
precise maintenance of a specified stress for jacket 3,

and this, owing to the comparatively broad tolerance
range of monolithic carrier diameters, is of great advan-

tage as it eliminates many tolerance problems of the
carrier diameter in relation to the housing diameter.

In a modification of the embodiment shown in FIG.
4, with collars 16 projecting radially inward on both
transition pieces 8 and 10, the catalyst also could be
manufactured with only one collar 16 provided on one
end of cylindrical sheet metal shell 15; preferably on
transition piece 10 located on the upstream side. In a
further modification, no collar at all 1s provided. More-
over, it also is possible to construct the catalyst housing
similarly to the embodiment of FIG. 1, with one or both
transition pieces having collars projecting radially out-
ward; the radially outermost peripheral edge of these
collars then being fastened to sheet metal shell 18.

FIG. 6 illustrates an embodiment of the present in-
vention in which the surface of carrier 1, jacket 3 and
housing 2’, which come together to form the apparatus,
are cemented together to improve the mounting of
carrier 1 in housing 2'. This cementing, which is ef-
fected by application of an adhesive 18 having high
thermal resistance, for example, a refractory cement,
results in a substantial strengthening of the frictional
seal between carrier 1 and jacket 3 or jacket 3 and the
housing 2', as the case may be. Thus, forces capable of
causing an axial shift of carrier 1 in housing 2’ will
necessarily be substantially greater. Accordingly, the
danger that carrier 1 might slip out of its mounting is
markedly reduced.

Housing 2’ and jacket 3 may simply be cemented
together without the use of a special adhesive subject-
ing housing 2’ of the finished catalyst, over a short
period, to heating to a temperature of approximately
500° C. At such temperatures, a sinter-like process takes
place whereby jacket 3 is cemented to housing 2'.

Under some circumstances, it is not necessary to
cement the circumferential surfaces of jacket 3 and
carrier 1, which face one another, as the outside surface
of carrier 1 is generally comparatively rough and, con-
sequently, there exists a high coefficient of friction be-
tween jacket 3 and carrier 1. This coefficient of friction,
in combination with the radial prestress of jacket 3,
would make any axial shifting between these parts very
difficult. The mner surface of the housing 2’, on the
other hand, is comparatively smooth, so that even small
forces might cause jacket 3 and housing 2’ to shift rela-
tive to one another. A roughening of the inner shell of
the casing, in addition to cementing, if so desired, would
provide a further improvement of the mounting.

Problems similar to those related to the catalysts
described herein also occur in connection with rotary
heat exchangers, which primarily are used in thermal
engines. The heat accumulators that are used in such
engines frequently consists of ceramic masses which are
similar, or at least comparable in structure, to mono-
lithic catalyst carriers and are likewise exposed to con-
siderable mechanical and thermal stresses. Conse-
quently, in order to guarantee a secure, economical
mounting for these delicate ceramic heat accumulators,

‘the solution proposed by the present invention might be

applied to advantage. Accordingly, the invention is not
restricted solely to applications involving catalysts.
The ceramic carrier held by the elastic ceramic fiber
jacket of the present invention may consist of several
individual pieces, for example, disc-shaped pieces ar-
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ranged at a distance from one another, which then are
wrapped within a single fiber mat and held in a common
housing.

Although the invention has been described with ref-
erence to specific embodiments thereof, many modifica-
tions and variations of such embodiments may be made
by those skilled in the art without departing from the
inventive concepts disclosed. Accordingly, all such
modifications and variations are intended to be included
within the spirit and scope of the appended claims.

I claim: |

1. A method of supporting a ceramic monolithic ele-
ment in a generally tubular metal catalytic converter
housing comprising the steps of: wrapping a compress-
ible, resilient material around the periphery of a mono-
lithic catalyst element; placing at least one self-support-
ing, thin metal liner member around said wrapper of
resilient material, the combination of said monolithic
element, said resilient material wrapper and said liner
member having a diameter in an uncompressed state
greater than the internal diameter of said housing; im-
posing an external compressive force about said liner
member around its periphery to compress said wrapper
of resilient material and to reduce the circumference of

3
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15

20

the liner member to a dimension less than the internal 25

circumference of the converter housing; axially insert-
ing said compressed combination of said liner member,
said wrapper of resilient material and said monolithic
element into said tubular housing and removing said
external compressive force.

2. A method for manufacturing a catalytic unit for
treatment of gases passing therethrough, comprising the
steps of:

covering the axial surface of a monolithic body with

an elastic, heat-resistant means, the body having a
plurality of channels passing through it and the
channels defining inner surfaces of the body which
are coated with an active catalytic agent;
arranging a plurality of sliding members around the
circumference of said elastic, heat-resistant means;

placing the covered body and sliding members in a

conical guide sleeve, said guide sleeve tapering to
approximate the inside diameter of a housing, said
guide sleeve being previously placed over one end
of said housing so that the axes of said housing and
said guide sleeve are colinear;

pressing said sliding members in the direction of said

axes until said covered body and sliding members
are fully within said housing whereby said elastic,
heat-resistant means 1s under radial stress.
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3. In a catalytic converter for treating exhaust gases
having a metal housing containing gas inlet and outlet
ports and a catalyst coated, axially channeled mono-
lithic ceramic element positioned within said housing,
the improvement comprising a wrapper of compress-
ible, resilient material wrapped around said ceramic
element, and extending axially for at least a portion of
the length of said element, said wrapper being main-
tained in a partially compressed state as compared to
either its free or its fully compressed state, within the
walls of a tubular center portion of said housing and
also comprising at least one metal liner member shaped
to conform generally to and within the walls of the
tubular center portion, the said liner member having
non-joined longitudinal side edges which permit the
diameter of the liner member to be varied, said liner
member being positioned in surrounding relation to said
wrapper and in contact with said wrapper so as to par-
tially compress said wrapper and to space said wrapper
from the walls of said tubular center portion of said
metal housing, the resiliency of said wrapper causing
said liner member to be forced outwardly to the maxi-
mum diametrical extent permitted by the constraint
imposed by the center portion of the metal housing.

4. Apparatus for treating the exhaust gases of an inter-
nal combustion engine comprising a housing having a
gas inlet and a gas outlet; a monolithic body disposed
within the housing, the body having a plurality of chan-
nels passing through it, the channels defining inner
surfaces of the body which are coated with an active
catalytic agent; an elastic, heat-resistant means inter-
posed between said body and said housing under radial
prestress for resiliently mounting said body in said hous-
ing; and axially-extending sliding members provided
between said elastic, heat-resistant means and said hous-
ing to facilitate insertion of said body together with said
elastic, heat-resistant means into said casing.

5. The apparatus of claim 4 wherein at least one end
of said sliding members is provided with an inward-
directed collar substantially enclosing at least one radial
end of said elastic, heat-resistant means.

6. The apparatus defined in claim 4, wherein said
elastic, heat-resistant means is comprised of one or more
layers of a mat of ceramic fibrous material.

1. The apparatus defined in claim 4, wherein said
elastic, heat-resistant means is made of ceramic fibrous
material.

8. The apparatus defined in claim 7, wherein said

ceramic fibrous material is aluminum silicate.
& ¥ - X %
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